Because changes in subendothelial matrix composition are associated with alterations of the endothelial immune phenotype, we sought to understand if cytokine-induced NF-κB activity and downstream effects depend on substrate adherence of endothelial cells (EC). We compared the upstream phosphorylation cascade, activation of NF-κB, and expression/secretion of downstream effects of EC grown on tissue culture polystyrene plates (TCPS) with EC embedded within collagen-based matrices (MEEC). Adhesion of natural killer (NK) cells was quantified in vitro and in vivo. NF-κB subunit p65 nuclear levels were significantly lower and p50 significantly higher in cytokine-stimulated MEEC than in EC-TCPS. Despite similar surface expression of TNF-α receptors, MEEC had significantly decreased secretion and expression of IL-6, IL-8, MCP-1, VCAM-1, and ICAM-1. Attenuated fractalkine expression and secretion in MEEC (two to threefold lower than in EC-TCPS; p < 0.0002) correlated with 3.7-fold lower NK cell adhesion to EC (6,335 ± 420 vs. 1,735 ± 135 cpm; p < 0.0002). Furthermore, NK cell infiltration into sites of EC implantation in vivo was significantly reduced when EC were embedded within matrix. Matrix embedding enables control of EC substratum interaction. This in turn regulates chemokine and surface molecule expression and secretion, in particular of those compounds within NF-κB pathways, chemoattraction of NK cells, local inflammation, and tissue repair.
INTRODUCTION
are also associated with anti-EC antibodies. The interactions of activated and diseased EC with leukocytes are critical to recruiting circulating immune cells into the Endothelial integrity regulates vascular tone, luminal patency, and the immune reactivity to tissue and organ vessel wall destroying implanted cells and even exacerbating the initial injury. Recently, natural killer transplants. Endothelial dysfunction, characterized by impaired biochemical function and heightened immuno-(NK) cells have been identified as pivotal host immune cells linking innate and adaptive immune responses in a genicity, presages vascular illness, serves to initiate and propagate vascular disease initiation, and is a marker of variety of organ rejection reactions (5, 11, 26) . Beside their role in vascularized organ rejection, EC disease severity (6, 10) . There is, however, a profound paradox in any attempt to restore diseased endothelium. play a pivotal role in inflammatory diseases as well as chronic diseases such as atherosclerosis and autoim-Injections of isolated endothelial cells (EC) onto the surface or in the general vicinity of injured vessels elicit a mune diseases. In all these circumstances crosstalk with immune cells depends on the activation of EC via dan-heightened immune response without restoration of the biochemical milieu they are designed to replace. It is ger signals or proinflammatory mediators (3, 29) . One signaling cascade pivotally involved in proinflammatory understood that allo-or xenogeneic EC implants induce a significant immune response that is amplified by host activation of EC is tumor necrosis factor-α (TNF-α)mediated activation of NF-κB (12) . and donor cells. But it must also be appreciated that autologous cells can be immunogenic as many of the dis-Interestingly, we discovered that the embedding of EC within a matrix allows EC to assume a natural inter-eases that are accompanied by endothelial dysfunction action with a substratum. EC in this more energy-favor-Complementary DNA was synthesized using the Taq-Man reverse transcription reagents from Applied Bio-able configuration are under less strain, and even matrixembedded xenogeneic EC do not induce a significant systems (Foster City, CA). Real-time PCR analysis was performed with an Opticon Real Time PCR Machine host immune response (18, 21) . Such implants are not only immunosilent, they are immunomodulatory, down-(MJ Research) using SYBR Green PCR Master Mix Reagent Kit (Applied Biosystems). Primers used were: regulating immune reactions in concert with profoundly heightened regulation of local biochemical reactivity. CX 3 CL 1 sense: 5-CCTGTAGCTTTGCTCATCCACTA TC-3 and antisense: 5-TCCAAGATGATTGCGGGTT-These findings add to the emerging interdependence of EC-substratum interaction, immune recognition, and 3 (sequence accession number NM_002996), GAPDH sense: 5-GGCCTCCAAGGAGTAAGACC-3 and anti-subsequent control of immune state and biochemical control. We seek to understand the nature of this rela-sense: 5-AGGGGTCTACATGGCAACTG-3 (M33197). Data from the reaction were collected and analyzed by tionship and can now cast this in terms of modulation of NF-κB-based signaling and, in particular, control of the complementary Opticon computer software (MJ Research). EC implant interactions with NK cells.
In addition, the RT 2 Profiler Custom PCR Array was MATERIALS AND METHODS used to simultaneously examine the mRNA levels of 89 genes, including five "housekeeping gene,s" in 96-well Endothelial Cells plates according to the protocol of the manufacturer Primary human aortic EC (HAE) were obtained from (SuperArray Bioscience). Each reaction included 1 µg Cambrex and grown in optimized endothelial growth of total RNA and appropriate control samples (without medium-2 (EGM-2, Cambrex, MD) supplemented with addition of reverse transcription or without template). 5% fetal bovine serum (FBS, Life Technologies, NY).
Relative quantification of gene expression was deter-Confluent monolayers of second to fifth passage were mined from standard curves and normalized to GAPDH. used for all experiments. For substrate adherence cells were cultured on Gelfoam sheets (Pfizer, NY) as pre-Flow Cytometry viously described (21) . TCPS experiments were con-EC monolayers (incubated in 1 mmol PBS/EDTA for ducted on gelatin-coated plates. EC were stimulated 5 min) or surface-adherent EC (digested with collagenwith TNF-α (Sigma, St. Louis, MO) for indicated time ase type I; Worthington Biochemical, NJ) were harperiods and concentrations at 37°C in a humidified air vested, cell suspensions washed, and 3 × 10 5 EC fixed atmosphere containing 5% CO 2 . In some experiments in 4% paraformaldehyde for 10 min. EC were treated EC were pretreated with 5 µmol/L sulfasalazine (Sigma) with saponin (0.1% saponin, 0.05% NaN 3 ) for intracelluor a selective Iκκ-2 inhibitor (100 µM SC-514; EMD lar CX 3 CL 1 staining (clone 51637, R&D Systems, Min-Bioscience) (13) before addition of cytokines. neapolis, MN) or left untreated for VCAM-1 (clone 1.G11B1; Research Diagnostics, Flanders, NJ) and NF-κB Binding Activity Assay ICAM-1 surface staining (clone 15.2; Pharmingen, San p50 and p65 DNA binding was detected by ELISA Diego, CA) for 45 min at 4°C. After two washing steps using a Mercury TransFactor kit following the manufac-10 4 cells were analyzed by flow cytometry using a turer's instructions (Clontech Laboratories, Palo Alto, FACScalibur instrument and CellQuest software (Bec-CA). Briefly, nuclear extracts were obtained using the ton Dickinson, San Diego, CA). TransFactor extraction kit; protein levels were determined with the BCA method (Pierce). A total of 10 µg Western Blot Analysis of nuclear extract was bound to wells coated with Western blot analysis was conducted as previously NF-κB consensus oligonucleotide, then incubated with described (19) using anti-human fractalkine polyclonal anti-p50 and anti-p65 followed by anti-rabbit HRPantibody (R&D Systems), phospho-IKKα/β and phosconjugated IgG. Resulting binding was then detected by pho-IκBα (cell signaling Inc., Danvers, MA) and secmeasuring color development of tetramethylbenzidine at ondary IgG antibody conjugated to horseradish peroxi-450 nm using a Multiskan plate reader (Labsystems, dase (Santa Cruz Biotechnology, Santa Cruz, CA) as the Chicago, IL). secondary antibody.
RT-PCR
ELISA Total RNA was extracted (RNeasy Mini Kit, Qiagen, Valencia, CA) from EC grown on polystyrene tissue cul-Conditioned medium from nonadherent and surfaceadherent EC was harvested after cytokine stimulation for ture plates (TCPS), or substrate adherent within Gelfoam sheets, after stimulation with TNF-α and IFN-γ.
indicated time periods. Secreted fractalkine, IL-6, IL-8, and MCP-1 were detected with commercially available EC were grown to confluence in six-well plates (6 × 10 5 cell/well) or surface adherent to 3D Gelfoam sheets ELISA detection kits (R&D Systems, BD Pharmingen). Samples were stored at −80°C and measured at the same and activated with 100 U/ml IFN-γ and TNF-α for 20 h at 37°C. Gelfoam matrices were digested with collagen-time by the same ELISA to avoid variations of assay conditions. ase type I; cells were counted and plated at a concentration of 6 × 10 5 cells/well in six-well plates for 1 h to allow adherence. Then NK cell suspensions were added Confocal and Electron Microscopy to the endothelial monolayer under gentle rocking condi-For immunofluorescence analysis, EC were washed tions (10 cycles/min). After 30 min medium was dein PBS and fixed with 3.7% paraformaldehyde for 15 canted and wells were gently washed before lysis with min at room temperature. After blocking for 60 min in 1% Triton in PBS. Total binding was determined by blocking buffer (PBS/10% FCS/0.1% sodium azide) measuring individual well-associated counts per minutes cells were twice washed in washing buffer (PBS/0.05% using a gamma counter. glycine/0.75% BSA). Some of the cells were incubated
In another set of experiments, 6 × 10 5 EC were cytowith brefeldin A (Sigma; 10 µg/ml for 4 h) before treatkine stimulated, plated on cover slips, and fixed with 3% ment with 0.2% Triton X-100 for 5 min at room temperparaformaldehyde for 20 min. Primary staining with ature. Immunostainings were performed by incubating mouse anti-human PECAM (clone WM59, Serotec, Racells with primary antibodies overnight at 4°C diluted leigh, NC) was followed after three washing steps with in blocking buffer (10 µg/ml goat-anti human TNF-α washing buffer by secondary (Alexa Fluor 488-conjugated receptor I, 55 kDa; 25 µg/ml mouse-anti human TNF-α goat anti-mouse, Invitrogen) and nuclear staining (Hoechst receptor II, 75 kDa; both R&D). After three washes with 33258, Sigma) for 30 min was followed by a 20-min washing buffer detection of bound primary antibodies incubation with PKH26-labeled NK cells (Sigma). Atwas visualized by the addition of specific Alexa Fluor tachment of NK cells to EC was visualized with a Leica 488-conjugated secondary antibodies (7.5 µg/ml, Invi-DMRA2 fluorescence microscope (Bannockburn, IL). trogen) for 1 h at room temperature. Images were collected with a Zeiss LSM510 confocal laser-scanning microscope (Thornwood, NY).
In Vivo Adhesion of Natural Killer Cells SEM images of uranyl acetate-stained EC were ob-A previously published animal model (21) was emtained on a Hitachi S4300 SE-N (Hitachi High Technolployed to examine NK cell chemoattraction to sites of ogy, Pleasanton, CA) using Quantomix TM QX-102 EC implantation. In brief, 5 × 10 5 porcine aortic EC capsules (Quantomix Ltd, Nes-Ziona, Israel).
(PAE), isolated from naive Large White swine, were implanted in the subcutaneous dorsal space of Sprague-
Natural Killer Cell Endothelial Cell Binding Assays
Dawley rats (Taconic, Germantown, NY) as either ma-Fresh heparinized whole blood was diluted 1:2 in trix-embedded or saline-suspended cell pellets. Control PBS (Gibco, Grand Island, NY), then overlaid on animals received saline injections alone. NK cell infil-Lymphoprep (density 1.077 g/L, Nycomed, Oslo, Nortration was evaluated immunohistochemically 28 days way) and centrifuged at 900 × g for 30 min. Mononuafter implantation. Paraffin sections (5 µm) were cut and clear cells were collected and further purified by incubaantigen retrieval performed by microwave heating for 10 tion on prewashed sterile nylon wool columns min in a 0.01 mol/L citrate buffer. Sections were labeled (Polysciences, Warrington, PA) in RPMI-1640 medium for NK cells (mouse anti-rat CD161a, clone 10/78, dilusupplemented with glutamine, 25 mmol HEPES buffer, tion 1:100, Pharmingen) and identified by an avidinand 10% heat-inactivated FBS for 1 h at 37°C/5% CO 2 .
biotin peroxidase complex method (biotinylated horse After gently eluting, remaining mononuclear cells were anti-mouse IgG, Vector Laboratories, Burlingame, CA). enriched for NK cells by negative isolation with a Dynal
Rat spleen was used as a positive control and mouse IgG kit following the manufacturer's instructions (Dynal as negative control. Primary antibodies were applied for Biotech, Oslo, Norway). Two-color flow cytometry re-1 h at room temperature, and all sections were countervealed purity of the negatively selected NK cells with stained with Mayer's hematoxylin solution (Sigma). >90% of all cells being CD56 + (clone B159) and very few CD3 + T lymphocytes (<5%; clone HIT3a, both Statistics Pharmingen; data not shown). NK cells (10 6 ) were incubated with 10 µCi 51 Cr, washed in PBS, and then resus-Statistical analyses were performed with JMP software (SAS Institute Inc., USA). Data were normally dis-pended (5 × 10 5 /well) in 400 µl of medium alone or medium containing anti-CX 3 CR 1 antibody at 20 µg/ml for tributed and expressed as mean ± SD. Comparisons between two groups were analyzed by Student t-test, and 20 min. comparisons between more than two groups were ana-p50 was 3.8-fold higher in MEEC upon TNF-α stimulation than in EC-TCPS (p < 0.0001) ( Fig. 1B ). lyzed by ANOVA followed by Bonferroni post hoc test.
A Spearman correlation determined relations between soluble fractalkine levels and intracellular fractalkine
Embedding of EC Alters Protein Phosphorylation Upstream of NF-κB expression. A value of p < 0.05 was considered statistically significant.
TNF-α stimulation (5 ng/ml) resulted in rapid phosphorylation of IKKα and IKKβ in EC-TCPS but not in RESULTS MEEC where neither phosphorylated IKKα nor phos-Substrate Adherence of EC Alters NF-κB Activation phorylated IKKβ could be detected (Fig. 1C , data for and Regulation MEEC not shown). Attenuated phosphorylation of IKK in MEEC was followed by attenuated and curtailed The TNF-α-induced expression of mRNA of the transcriptional active NF-κB subunit p65 in TCPS-grown phosphorylation of IκBα in MEEC upon TNF-α stimulation (p < 0.04) ( Fig. 1D ). This correlated with signifi-EC was significantly muted when these same cells were embedded within collagen matrices (p < 0.02) ( Fig. 1A) .
cant reduced mRNA expression the inhibitory signaling molecule IκBA in MEEC when compared to EC-TCPS The 2.75-fold reduction in expression of the subunit p65 in MEEC when compared to TCPS-grown EC was ac-(4.15-fold reduction, p<0.002) ( Fig. 1A ). Phosphorylation and subsequent separation of IκBα from the p50/ companied by a 3.0-fold lower protein concentration of p65 in the nuclear extracts upon TNF-α stimulation (p < p65 complex is a prerequisite for the nuclear translocation of the NF-κB subunits. 0.001) ( Fig. 1B) . Whereas in MEEC nuclear translocation of the subunit p50 exceeded translocation of p65
Interestingly, we could not find significant differences in surface and cytoplasmatic staining intensities of 12-fold (p < 0.0001), we did not find a significant difference in nuclear protein levels of p65 and p50 subunits TNF-α receptor subunits I and II in EC for the two cell vehicles under confocal immunofluorescence micros-in TNF-α-stimulated EC-TCPS (Fig. 1B) . Nuclear translocation of the transcriptional inhibitory NF-κB subunit copy (Fig. 2) . 
Surface Molecule Expression and Cytokine Receptor
h and a sustained effect over the entire 24-h study period. In contrast, induction of fractalkine mRNA expres-Expression and Secretion Downstream of NF-κB sion was significantly reduced throughout the study period in MEEC (Fig. 5A ). Maximum was here too Attenuated nuclear translocation of the transcriptional active NF-κB subunit p65 upon TNF-α stimulation in attained 12 h after cytokine stimulation, but at only ϳ10% of the expression levels in EC-TCPS [0.031 ± matrix-embedded EC associated with lower mRNA levels of pivotal proinflammatory cytokines (IL-6: 3.1-fold 0.01 relative units (RU) vs. 0.3 ± 0.04 RU; p < 0.0001] (Fig. 5A ). Increase of cytokine concentrations (up to 400 lower than in EC-TCPS, p < 0.02; IL-8: 2.1-fold, p < 0.01) (Fig. 3) , and adhesion molecules ICAM-1 (1.6-U/ml IFN-γ and TNF-α) as well as prolongation of the duration was without additional effect on fractalkine fold, p < 0.01), VCAM-1 (1.3-fold, p < 0.02) ( Fig. 4A  and B 5B ). In addition Western blot analysis revealed lower Furthermore, substrate adherence of EC within the matrix attenuated the cytokine-induced expression and total fractalkine expression in MEEC compared to EC-TCPS (data not shown). Interestingly, preincubation of secretion of the endothelial chemokines MCP-1 and fractalkine ( Figs. 3 and Fig. 5 ). Resting EC-TCPS or EC-TCPS with the unspecific NF-κB inhibitor sulfasalazine (5 mol/L, Sigma) resulted in an attenuated expres-MEEC did not express fractalkine (Fig. 5 ). TNF-α induced fractalkine mRNA expression in a time-dependent sion profile of fractalkine upon TNF-α stimulation similar to the one observed in MEEC (real-time PCR: 0.038 ± manner in EC-TCPS with a maximum induction after 12 MEEC (Fig. 6A ). This effect was quantified with 51 Crlabeled NK cell adhesion assay: 3.7-fold more NK-cells TNF-α-stimulated EC-TCPS without sulfasalazine; data not shown). Soluble fractalkine concentrations were adhered to cytokine-stimulated allogeneic EC-TCPS than to MEEC (6335 ± 420 vs. 1735 ± 135 cpm; p < 0.0002) similarly significantly lower in the supernatant of cytokine-stimulated MEEC when compared to EC-TCPS in (Fig. 6B ). Fractalkine expression was critical for NK cell adhesion to activated EC, as the addition of 20 µg/ each 4-h time interval studied and as a cumulative result over the 24-h study period (32.2 ± 2.4 vs. 13.8 ± 1.7 pg/ ml anti-CX3CL1 decreased adhesion of NK cells to cytokine-stimulated EC by ϳ74% (p < 0.005 vs. without ml; p < 0.0002) (Fig. 5C ). A strong correlation was noted between soluble fractalkine levels and intracellu-anti-CX3CL1) (Fig. 6B ). NK cells did not adhere to TCPS or 3D matrix alone (data not shown). lar protein expression in both EC groups (r = 0.70, p < 0.01) (Fig. 5D) .
Natural Killer Cell Infiltration of EC Implantation Sites Is Reduced When EC Are Matrix Embedded Reduced In Vitro Adhesion of Natural Killer Cells to Matrix-Embedded EC
Matrix embedding has previously been shown to inhibit macrophage and lymphocyte infiltration of implan-Fluorescence microscopy revealed substantial NK cell attachment to EC-TCPS and minimal attachment to tation sites of xenogeneic EC (21, 24) . Specific immuno-staining now reveals a marked reduction of NK cell tum interactions dictate EC control of vascular homeostasis. MEEC are far more potent inhibitors of local and infiltration into subcutaneous implants of PAE surface adherent within a 3D matrix when compared with EC systemic immune reactivity than identical cells injected as pellets or adherent to material surfaces (12, (17) (18) (19) (20) (21) . saline suspended pellets (Fig. 7) . Saline injection alone (control animals) did not result in NK cell infiltration
The data presented here are in agreement with previous reports that EC-substratum interactions pivotally influ-(data not shown). To further rule out the possibility that the used matrix serves as a physical barrier to immune ence the proinflammatory intracellular signaling cascade (28) , in particular the critical regulation of NF-κB activ-cells, we incubated EGM-2-hydrated 3D matrices with fresh isolated monocytes for 3 h at 37°C in vitro, and ity in EC. These findings extend our understanding of the relationship between extracellular matrix signaling noted ample monocyte penetration into the matrix under wet electron microscopy (Fig. 8) . and the spatial organization of cells within tissues as determining factors in cell and tissue repair (4, 16) . Fur-DISCUSSION thermore, given the fact that cells grown on TCPS were actually gelatin coated, the same protein the matrix is The importance of EC polarity and interaction with extracellular matrix components as key regulators of EC composed of, it is intriguing that integrin expression as well as extracelluar proteins (e.g., α V β 3 , α 5 β 1 , collagen phenotype and function continue to be elucidated. EC are naturally basement membrane surface adherent, and IV, fibronectin) are differentially expressed between MEEC and TCPS (data not shown), indicating a differ-disruption of extracellular matrix structure, EC-matrix contact, and 3D architecture are early features of inflam-ential type of adhesion that is spatial driven. Immune cell recruitment by activated endothelium is matory diseases and metabolic derangements. Substra- central to tissue repair and host defenses against invad-jection (11, 31) . Metabolic diseases such as hyperlipidemia and diabetes mellitus are associated with subtle ing microbes, but it is also a critical determinant for the pathophysiology of atherosclerosis, ischemia-reperfusion changes in subendothelial matrix composition, promoting changes in EC matrix interconnectivity and spatial injury, and autoimmune diseases with underlying endothelial dysfunction (8, 10, 34) . A central mediator in in-formation, thereby advancing development of endothelial dysfunction (1,27,33) . The importance of cell-matrix flammatory activation of EC is the NF-κB pathway (12) , which is under tight control of cytokines and phosphory-contact and spatial formation for endothelial function and immune regulation is increasingly appreciated (21) . lation of intracellular kinases (29). Proinflammatory genes under control of NF-κB in EC include a wide va-Matrix embedding allows EC to attain a physical conformation that maximizes secretion of biochemical regula-riety of cytokines, chemokines, and adhesion molecules (12) . Chemokines and adhesion molecules play pivotal tors of vascular repair (22, 24, 25) and minimizes implant immunogenicity (17, 21, 23, 24) . Even allo-and xenografts roles in the initial encounter between circulating immune and EC. Endothelial chemokine expression has of EC can effectively regulate tissue injury and with none of the immune response seen from injections of been specifically linked with initiation and progression of atherosclerotic disease (7, 14, 15, 32) and allograft re-the identical cells in their free state. We can now report that nuclear translocation of the The central role of NK cells as interlinkage between innate and adaptive immune responses is increasingly transcriptional active NF-κB subunit p65 upon cytokine stimulation was significantly lower in EC within a phys-appreciated (5, 11, 26, 31) . Unlike T and B lymphocytes, NK cells lyse target cells without prior antigen priming. iologic milieu when compared with two-dimensional growing patterns (Fig. 1) . This anti-inflammatory effect They recruit and activate other immune cells through the production of proinflammatory cytokines, but only after is amplified by increased ratio of nuclear translocated subunit p50 in MEEC, suggested to be of inhibitory na-chemokine-directed adherence and transmigration through endothelium to target tissues. NK cells express chemo-ture in certain cases (9) . Further analysis revealed reduced phosphorylation of upstream kinases in depen-kine receptors, including CX3CR1 and MCP-1 (CCL-2) (2), and migrate along concentration gradients of these dence of the underlying endothelial substratum as one explanation for the observed immunosilencing effect.
receptors' ligands (30) .
In concert with the overall reduced expression and se-Downstream-attenuated NF-κB activation is followed by reduced expression and secretion of chemokines and cretion of cytokines and adhesion molecules downstream of NF-κB in EC cultured within a three-dimensional un-proinflammatory surface molecules on MEEC when compared with EC grown on 2D surfaces. Chemokines disturbed substratum, our findings link our previous in vivo observations of reduced immune cell infiltration to (e.g., fractalkine, IL-6, IL-8, MCP-1) and surface molecules (e.g., VCAM-1, ICAM) are all regulated by NF-sites of MEEC (21,24) with a general scheme of the effect of cell-substratum contact on the regulation of immune κB and have been identified as important initial mediators for immune cell attraction and adhesion to activated reactivity. This downregulation reflects an altered response rather than limited stimulation. TNF-α receptor EC (7) . Fractalkine is expressed on activated and/or dysfunctional EC and is an important vascular modulator, expression is not influenced by the EC-substratum interaction but intracellular signaling is. This might further attracting fractalkine receptor-expressing NK cells, cytotoxic lymphocytes, and macrophages (18, 31) .
emphasize the pivotal role of endothelial state and conformation in expressing critical chemokines on the one hand, The importance of the fractalkine system for initiation and progression of different vascular diseases has and stimulating adhesion and activation of NK cells on the other hand, in initiation of graft rejection. As fractal-been recently demonstrated, as fractalkine receptor polymorphisms are associated with a reduced incidence of kine binding enhances the cytolytic activity of NK cells in a dose-and time-dependent manner (31, 35) , EC-matrix coronary atherosclerosis (32) . Enhanced fractalkine, IL-8, and MCP-1 expression has been demonstrated in pa-contact might well govern endothelial expression of fractalkine to injury stimuli, and the net local destruction and tients suffering from atherosclerosis and diabetes mellitus (33, 34) , in which changes in extracelluar matrix pace of tissue repair. Taken together, our results identify a critical role for composition and integrin expression are an early feature predisposing to endothelial dysfunction. In addition, surface adherence and spatial formation in modulating endothelial expression and secretion of the chemokines fractalkine deficiency protects animals from intimal hyperplasia after vascular injury with decreased smooth and surface molecules that govern NK cell biology. These findings might enhance our understanding of vari-muscle proliferation and reduced intimal accumulation of immune cells (14, 15) . Neutralizing fractalkine anti-ous endothelial-mediated diseases, and the role of endothelial cell conformation on inflammatory state and bodies block transplant rejection in animal models (35), and fractalkine receptor knockout mice survive longer tissue repair. Materials formulated with controlled architectures might serve as culture models to further reveal after cardiac transplantation (5) . As one consequence of attenuated fractalkine expression and secretion by MEEC, how tissue architecture might influence cellular immune behavior to exogenous stimuli. we can now demonstrate muted in vitro and in vivo adhesion of NK cells to MEEC compared with adhesion 
